Tuberculosis is the most common presenting illness for AIDS patients worldwide. Despite appropriate tuberculosis treatment, such patients show an accelerated loss of CD4 T cells, and are at a greater risk of subsequent opportunistic infection and death than matched controls without tuberculosis [1, 2] . These adverse clinical outcomes are accompanied by sustained cellular immune activation and increased rates of spontaneous and antigen-induced T-cell apoptosis [3] [4] [5] [6] [7] . Tumor necrosis factor (TNF), a cytokine abundantly produced by Mycobacterium tuberculosis-infected macrophages, has been implicated as a key mediator in this process, given its ability to promote both HIV expression and apoptosis [8, 9] . TNF is also an important mediator of the local and systemic inflammatory response in tuberculosis, causing many of the clinical manifestations of the illness. However, clinical trials to examine the role of TNF in HIV-associated tuberculosis have to date been limited by the lack of potency and specificity of the possible interventions, which have included pentoxifylline, prednisolone, and thalidomide, drugs with diverse immunological and antiinflammatory effects.
The present study examined the safety, microbiology, virology, and immunology of eight doses etanercept (Enbrel) given twice a week during the initial 4 weeks of treatment of HIV-1-infected patients with pulmonary tuberculosis. Etanercept is a recombinant protein consisting of the human type II (p75) TNF receptor coupled to the Fc portion of immunoglobulin G. Its binding of TNF and lymphotoxin (also known as TNF-â) has potent effects in rheumatoid arthritis and other chronic inflammatory conditions [10] . In this study, etanercept permitted the specific inhibition of TNF without otherwise disturbing a complex network of immune mediators.
TNF is essential for host defences against tuberculosis [8] . Patients treated with TNF inhibitors, particularly anti-TNF monoclonal antibody, are at increased risk of the reactivation of latent tuberculosis and other intracellular infections [11] . As the safety of etanercept in patients with active tuberculosis had not been established, this study was undertaken as a single-arm phase 1 trial with safety as its main objective. Its secondary objectives included immunological, virological, and microbiological endpoints, recognizing that the power of these observations would be limited by the small sample size. These endpoints were compared with CD4-matched control subjects selected from the placebo arm of a randomized trial of adjunctive prednisolone in HIV-1-associated tuberculosis, conducted at the same site during the preceding 2 years.
Methods Subjects
Written informed consent and Institutional Review Board approval was obtained in accordance with US Department of Health and Human Services guidelines. Inclusion criteria required that subjects be HIV-1 seropositive with CD4 cell counts greater than 200 cells/ìl, between 18 and 50 years of age, with an initial episode of pulmonary tuberculosis (based on a positive sputum acid-fast smear, chest radiography compatible with tuberculosis, and subsequent confirmation of at least one sputum specimen with growth of at least 10 colonies of M. tuberculosis).
Individuals were excluded if they had a previous history of treatment for tuberculosis; jaundice or abnormal liver enzymes [serum glutamic-oxaloacetic transaminase (aspartate aminotransferase) . 100 IU/l]; hemoglobin less than 8 g/dl; white blood cell count less than 3.0 3 10 3 /mm 3 ; serum creatinine greater than 177 ìM/l (2 mg/dl); Karnofsky performance scale score less than 50%; respiratory rate greater than 35/min; known active intravenous drug or alcohol abuse; treatment with any investigational agents, immunomodulators, chemotherapy or radiation therapy within 60 days; neoplasms other than basal cell carcinoma or in-situ carcinoma of the cervix; pregnancy or breast feeding; individuals requiring or likely to require corticosteroids; asthma; known infection with drugresistant M tuberculosis; treatment with protease inhibitors during the preceding 6 weeks; change in antiretroviral therapy anticipated during the next 8 weeks; evidence of acute myocardial infarction, highgrade ventricular ectopy or other serious arrhythmias or conduction disturbance on screening electrocardiogram; history of multiple sclerosis; allergy or intolerance of trimethoprim or sulfonamides; or suspected meningeal or miliary tuberculosis. Individuals were not excluded for concurrent antiretroviral therapy other than protease inhibitors; however, no such treated subjects were screened.
Treatment
Enrolled subjects were admitted to the National TB Treatment Centre of Mulago Hospital, Kampala, Uganda. Subjects began standard short-course tuberculosis chemotherapy, consisting of 2 months of daily isoniazid, rifampin, ethambutol, and pyrazinamide, followed by 4 months of daily isoniazid and rifampin. The milligram daily doses of these four drugs were determined according to body weight: less than 50 kg, 300, 450, 800, 1500 mg; 50-70 kg, 300, 600, 1000, 2000 mg; greater than 70 kg, 300, 600, 1200, 2000 mg, respectively. Pyridoxine 50 mg was administered daily for 6 months. Etanercept 25 mg was administered subcutaneously twice a week for eight doses, starting on day 4 of tuberculosis therapy. Co-trimoxazole (160/ 800 mg) was administered daily for one year, because of concerns about possible opportunistic infections as a result of etanercept, and because some studies found that this intervention improves survival in HIVassociated tuberculosis in Africa [12] [13] [14] .
Week 2 safety evaluation
All subjects underwent a safety evaluation after the 4th dose of etanercept, in which changes from baseline to week 2 in plasma HIV RNA and quantitative sputum acid-fast microscopy were determined. These values, along with clinical data regarding signs and symptoms of HIV and tuberculosis, were reviewed by an external safety monitoring board. The discontinuation of etanercept treatment was recommended by the study protocol for subjects whose plasma HIV RNA increased by 1 log or more, or whose sputum acid-fast bacillus (AFB) counts increased by 0.2 logs or greater.
Outpatient tuberculosis treatment
Subjects were discharged to home after the completion of etanercept treatment at the end of week 4. The remainder of the tuberculosis therapy was self-administered. Adherence was monitored by attendance at scheduled monthly clinic appointments, dispensing records, and testing for urinary isonicotinic acid (MycoDyn Uritec; Symcon, Solana Beach, CA, USA) at monthly intervals. At each monthly clinic visit during tuberculosis treatment, a focused history and physical examination was conducted to identify signs and symptoms of tuberculosis and other potential HIVrelated adverse events. The final examination was conducted 6 months after the completion of tuberculosis therapy.
Laboratory evaluations
Transaminase levels, creatinine, and complete blood counts were measured on weeks 4 and 8, and at the conclusion of tuberculosis treatment. Two sputum specimens were subjected to microscopic examinations and culture for mycobacteria each month during tuberculosis treatment, and 6 months after the completion of treatment. Sputum processing for quantitative microscopy, culture and drug susceptibility testing was performed as previously described [15, 16] . Sputum culture conversion was defined as the first negative sputum culture without subsequent positive cultures. Plasma HIV RNA was measured by the HIV Amplicor Monitor test v1.5 manual method (Roche Molecular Systems, Indianapolis, IN, USA). Serum neopterin was measured by enzyme-linked immunosorbent assay (ICN, Costa Mesa, CA, USA).
Control subjects
Forty-two control subjects were randomly selected from among those recruited to the placebo arm of a randomized trial of adjunctive prednisolone in HIVassociated tuberculosis, conducted at the same clinical site from November 1998 to July 2000. A manuscript describing that study is currently in preparation. Its enrollment criteria and tuberculosis treatment were identical to those of the present study. CD4 T-cell counts and plasma HIV-RNA copy numbers of the control subjects were measured in the same laboratory as in the present study. The two protocols differed in that subjects enrolled in the prednisolone trial: (i) were not hospitalized for the first month of treatment; (ii) did not undergo a safety evaluation at week 2; and (iii) were not treated with co-trimoxazole for one year. Controls were randomly selected from three ranges of CD4 cell values so that the frequency distribution of their CD4 cell counts matched that of etanercepttreated subjects.
Statistics
Differences were examined by a two-tailed t-test, using SigmaStat (SPSS, Chicago, IL, USA), unless otherwise indicated. Paired t-tests were used to examine the change from baseline within subjects. The time to sputum culture conversion was analysed by survival analysis, using a log rank test.
Results

Subjects and controls
From August 2001 to April 2002, 16 subjects were enrolled from among 233 who were screened. A total of 196 were excluded because of negative HIV-1 serology, normal chest radiographs, negative sputum acid-fast microscopy, or the inability to produce sputum. Fifty-eight were excluded because of laboratory or clinical disease severity indicators outside the limits of the study. Three later withdrew consent or did not return for enrollment. Two subjects were eligible but were not enrolled because of a regulatory hold. Four subjects were excluded for other reasons. Some subjects had multiple reasons for exclusion. No subjects were excluded because of protease inhibitor use at the time of tuberculosis diagnosis; none initiated antiretroviral therapy during the period of tuberculosis treatment. The baseline characteristics of the subjects and 42 CD4-frequency-matched controls are shown in Table 1 .
Discontinuations
Treatment with etanercept was initiated on day 4 of tuberculosis chemotherapy. All subjects underwent a safety evaluation on day 14, at which time changes from baseline in quantitative sputum acid-fast smear and plasma HIV-RNA copy numbers were reviewed by an external monitoring board. The mean log 10 sputum AFB count was 6.65 AE 0.81/ml on entry, and 5.92 AE 0.75/ml on day 14 (P ¼ 0.009). Two subjects showed more than a 0.2 log increase in sputum AFB Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
counts during this interval; both were discontinued from etanercept treatment. In both instances, sputum AFB counts had been unusually low at baseline (4.35 and 5.28 log 10 AFB/ml), indicating that these specimens may have been inadequate. Sputum cultures of both subjects converted appropriately to negative by week 8, and remained so subsequently.
The mean log 10 plasma HIV-RNA copy number was 5.00 AE 0.7/ml on entry and 5.19 AE 0.9/ml on day 14 (P ¼ 0.3). One subject had a greater than 1 log increase in copy numbers, and was discontinued from etanercept treatment. The clinical course of this subject is described in detail below.
Clinical evaluations
At the time of diagnosis, from 58 to 93% of subjects reported cough, dyspnea, inability to carry out usual daily activities, loss of appetite, fever, and episodes of sweating. Except for cough, these proportions declined progressively during treatment, being present in 20-60% of subjects by the end of week 2, and in less than 25% by the end of week 8. The weight at baseline was 53.2 AE 8.8 kg (mean AE SD). The weight gained by week 4 was 1.81 AE 1.8 kg in all subjects, and 2.18 AE 1.5 kg in those subjects who received all eight scheduled etanercept doses. The mean weight gain was greater than that observed in control subjects (1.73 AE 2.0 kg), although the difference was not statistically significant (P ¼ 0.40). The mean increase in performance score in individuals whose baseline score was less than 90 was 8.6 AE 5.3 in all subjects, and 9.1 AE 5.4 in those subjects who received all eight scheduled doses. This value was greater than that observed in controls (5.1 AE 8.9), although the difference was not statistically significant (P ¼ 0.20).
Sputum microbiology
Sputum cultures were positive for M. tuberculosis in four out of 14 (28.6%) at week 8; cultures of two subjects could not be evaluated because of contamination. The corresponding proportion in CD4-matched controls was also 28.6%. Overall, sputum culture conversion occurred slightly more rapidly in etanercept-treated subjects (P ¼ 0.05), as indicated in Fig. 1 . Seventyseven tests for urinary isonicotinic acid were performed during the ambulatory phase of treatment (months 2-6); of these, only three were negative, indicating high compliance with treatment. All surviving subjects completed the final evaluation 6 months after the completion of tuberculosis therapy without relapse. Two of the 16 subjects had isoniazid-resistant isolates. Both showed satisfactory responses to treatment according to quantitative sputum microscopy on week 2, converted to negative sputum acid-fast culture by week 8, and remained so through their final evaluation. Table 2 , log HIV-RNA copy numbers increased by +0.26 AE 0.4 copies/ml during etanercept treatment (P ¼ 0.043). A corresponding increase of +0.05 AE 0.7 log 10 copies/ml was observed during this interval in CD4-matched controls; the difference between etanercept-treated subjects and controls in changes from baseline was not significant (P ¼ 0.31). At 6 months, HIV-RNA values in etanercept-treated subjects had returned to baseline (mean change À0.10, P ¼ 0.58). Similarly, no change in HIV-RNA copy Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. numbers was apparent in controls at month 4, the last evaluation in that study.
Quantitative virology As indicated in
Immunology
The CD4 T-cell count on entry was 394 AE 128 cells/ ìl. Counts tended to increase by week 4 of etanercept treatment: the increase was 62 AE 195 cells/ìl in all subjects (P ¼ 0.22), and 96 AE 186 cells/ìl in subjects receiving all eight scheduled etanercept doses (P ¼ 0.088). Total lymphocyte counts tended to decrease during this interval (2770 AE 1500 cells/ìl at baseline versus 2380 AE 700 cells/ìl at week 4, P ¼ 0.3). CD4 cell counts in matched controls increased by 24 AE 120 cells/ìl (P ¼ 0.1 compared with etanercept-treated subjects). The serum neopterin level at baseline was 10.5 AE 7.0 ng/ml. The change from baseline to week 4 was À0.4 AE 3.6 ng/ml in all subjects, and À0.7 AE 3.8 ng/ml in subjects receiving all eight etanercept doses. The corresponding change from baseline in controls was À0.1 AE 4.6 ng/ml (P ¼ 0.7). An inverse relationship was observed between the change in neopterin and the change in the log CD4 cell count from baseline to week 4 using the Spearman rank test (r ¼ À0.37, P ¼ 0.004 in all subjects; r ¼ À0.50, P ¼ 0.058 in etanercept-treated subjects).
Chest radiography
Radiographs obtained during treatment were scored according to the number of lung zones involved. The change from baseline to month 6 tended to be superior in treated subjects compared with controls (À2.5 AE 1.1 versus À1.9 AE 1.5 lung zones, respectively), although this did not reach statistical significance (P ¼ 0.2). Fifty-five per cent of etanercept recipients with cavitary disease at baseline had a closure of all cavities by month 6, versus 34% in CD4-matched control subjects (P ¼ 0.3 by Fisher's exact test).
Adverse events
One subject, who entered the study with a CD4 cell count of 612 cells/ìl, a log 10 plasma HIV-RNA copy number of 4.18 copies/ml. and a serum neopterin level of 14.7 ng/ml, noted increased cough and dyspnea at week 2. The log 10 plasma HIV-RNA copy number at that time had increased to 6.60 copies/ml. Levofloxacin and high-dose co-trimoxazole were added; etanercept was discontinued. Blood cultures and smears for malaria were negative. Bronchoscopy with bronchoalveolar lavage was non-diagnostic. The plasma HIV-RNA log copy number decreased to 5.17 on week 3, but increased again to 6.49 on week 4, at which time the CD4 cell count was 405 cells/ìl. The subject developed unilateral leg edema during month 3 of treatment.
Deep venous thrombosis, severe pulmonary hypertension, and presumed chronic pulmonary embolism were diagnosed at that time by Doppler ultrasound venography and echocardiography. The subject died despite anticoagulation. Autopsy was not performed. Sputum cultures obtained after 2 and 3 months of antituberculosis treatment were negative. A review of laboratory data and serial chest radiographs by an outside reviewer indicated a satisfactory response to tuberculosis therapy. The primary cause of death was thought to be pulmonary embolism.
Two subjects developed transient asymptomatic transaminase elevations after 1 and 2 months of treatment,
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. Significance was determined by survival analysis, using a log rank test. --s--Control; --n--etanercept. Table 2 . Log 10 plasma HIV-RNA copy numbers at baseline, and change from baseline during treatment, in all treated subjects, and in those receiving the full schedule of eight doses. thought to be caused by isoniazid. In both cases, isoniazid was re-instituted uneventfully once transaminase values had normalized. Two subjects developed dermatomal herpes zoster after 1 and 2 months of treatment, thought to be possibly related to etanercept. For comparison, one case of zoster occurred in the control subjects during the first 6 months of observation. Finally, one etanercept recipient was found to have intestinal perforation and peritonitis 11 months after study entry, thought to be caused by adhesions from previous abdominal surgery.
Discussion
Many questions remain regarding the mechanisms leading to T-cell loss in AIDS. Recent studies have implicated activation-induced apoptosis of uninfected 'bystander' T cells as a major factor, rather than direct viral cytopathicity or CD8-mediated cytotoxicity [17, 18] . TNF provides an important signal for the apoptosis of activated lymphocytes [9] . The observation that TNF blockade in HIV-associated tuberculosis results in increased numbers of circulating CD4 cells supports the potential role of this cytokine in HIVtuberculosis co-pathogenesis. The inverse relationship between the CD4 cell count and serum neopterin, a marker of macrophage activation, is consistent with this observation [19] . Similar increases in CD4 cell counts, attributed to the inhibition of apoptosis, have been reported in two studies in which HIV-infected individuals were treated with prednisone [20, 21] . Further studies will be required to determine whether the increases observed in this study are caused by the inhibition of apoptosis, whether they are accompanied by other immunological or clinical benefits, and whether they occur in subjects with lower baseline CD4 cell counts.
The inhibition of TNF as a therapeutic modality is not without potential hazard. Animals lacking the gene for TNF or its receptors, or treated with neutralizing antibody or soluble TNF receptor, show increased susceptibility to Mycobacterium bovis bacillus CalmetteGuerin, M. tuberculosis, Listeria, Cryptococcus, and other intracellular pathogens [8, [22] [23] [24] . Patients with rheumatoid arthritis or inflammatory bowel disease treated with neutralizing monoclonal antibody to TNF are at increased risk of the reactivation of latent M. tuberculosis infection [25] . Nonetheless, the current study demonstrates that treatment with the TNF inhibitor etanercept does not interfere with the response to treatment for pulmonary tuberculosis, as assessed by serial clinical examination, chest radiography, sputum microscopy and culture. Indeed, several treatment-related parameters in the present study (weight gain, performance score, sputum culture conversion, radiographic extent of disease and cavity closure) showed trends towards superiority in the etanercept group. Sputum culture status after 8 weeks of treatment is an indicator of the risk of relapse [26, 27] . The lack of a deleterious effect on this parameter is therefore significant. In this respect, etanercept is similar to corticosteroids and pentoxifylline, which modulate the inflammatory response in tuberculosis but do not interfere with tuberculosis treatment [28] [29] [30] [31] . Larger, randomized placebocontrolled trials will be required to determine whether etanercept improves the response to tuberculosis therapy by accelerating sputum culture conversion.
Within the limits imposed by the small sample size and short treatment interval, etanercept treatment also appeared to be safe with respect to other potential HIV-related adverse events. The single fatality occurred in a subject whose elevated serum neopterin at baseline placed him at a greater than fourfold increased risk of death [5] . Although deep venous thrombosis and pulmonary embolism have been reported in controlled clinical trials of etanercept in patients with rheumatoid or psoriatic arthritis, the incidence of these adverse events has not been related to the administered dose, nor has it differed significantly from that in control subjects. The incidence of deep venous thrombosis in tuberculosis has been estimated to be 3-10%, apparently reflecting hemostatic changes induced by the acute inflammatory response [32] [33] [34] . Further studies of the impact of HIV-1 infection on venous thrombosis in tuberculosis are warranted.
Etanercept treatment did not result in a reduction of plasma HIV RNA, despite the recognized importance of TNF as a signal for HIV expression via nuclear factor B, and the apparent role of the inflammatory response in tuberculosis driving local HIV expression [35] [36] [37] [38] . This negative finding may indicate that factors other than TNF regulate HIV expression in tuberculosis.
In summary, adjunctive treatment with the TNF inhibitor etanercept did not interfere with the response to treatment for pulmonary tuberculosis in 16 HIV-1-infected individuals, in whom CD4 T-cell counts increased by 25%. Further studies are warranted to examine the effects of etanercept on T-cell activation and apoptosis, and to determine whether its addition to standard tuberculosis therapy confers any clinical benefits.
